Secretion of fatty and albuminous yolk by Golgi bodies in Stomopneustes variolaris, Lamarck by Subramaniam, M. K. & Gopala Aiyar, R.
(From the University Zoological Research Laboratory, Madras.) 
SECRETION OF FATTY AND ALBUMINOUS YOLK BY GOLGI 
BODIES IN STOMOPNEUSTES VARIOLARIS, LAMARCK. 
By 
M. K. SUm~AMA~IAM . A., D. Sc. and R. GOPALA AIYAI~ M. A., M. Sc. 
With 6 figures in the text. 
(Eingegangen am 1. Oktober 1935.) 
Contents. Pag. 
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . .  576 
2. Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  577 
3. Material and Methods . . . . . . . . . . . . . . . . . . . . . . .  578 
4. Formation of Fatty Yolk . . . . . . . . . . . . . . . . . . . . . .  578 
5. Formation of Albuminous Yolk . . . . . . . . . . . . . . . . . . .  579 
6. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  581 
7. Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  582 
8. Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . .  583 
Introduction. 
The formation of deutoplasmic inclusions in eggs has attracted a 
great deal of attention in recent years. One of us showed in Clibanarius 
(SuB~AMANIAM 1935a) that both fatty and albuminous yolk arise in rela- 
tion with the GoLc~I apparatus and from further evidence collected from 
the behaviour of the apparatus after fertilization (Sum~A~IANIXM 1935b) 
and during the formation of nutritive bodies (SvB~AMA~IAM 1935C) 
suggested ,that the nature of the secreted product is only secondary in 
importance (SuBRAMANIA• 1934). I t  Was also postulated that the primary 
function of the GOLGI apparatus i the production of enzymes which con- 
trol the cell metabolism and that in specialized cells they have in addition 
specialized functions. I t  was further suggested that fat, fatty yolk and 
yolk are only secondary products resulting from the action of these nzymes. 
Evidence in support of the above contention was offered by the Oogenesis 
of Meretrix casta i where there is no yolk or fat and where the neutral red 
vacuoles arise in relation with the GoL(~I vesicles. The neutral red vacuoles 
were considered to contain enzymes ecreted by the GoT,GI. A seasonal 
change in the quantity and behaviour of the various cell inclusions, cyto- 
plasmic as well as deutoplasmic, in Salmacis, Dasychone and Clibanarius 2 
only confirmed the above view. Formation of fatty and albuminous 
1 SVBRAM~mAM, M. K.: Oogenesis of Meretrix casta with a suggestion as to 
the nature of the contents of Neutral red Vacuoles. J Morph. a Physiol. (In press.) 
2 SURgAMA~IAM, M. K. and R. GO~ALA AIYA~: Effect of the Environment 
on the Cytoplasmic nclusions in the oocytes ~md oogonia of Dasychone, Clibanarius 
and Salmacis. (Unpublished.) 
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yolk in relation with the GOLGI in Clibanarius gave us the hope that a 
similar demonstration i  some other animal of an entirely different 
phylum will once for all set at rest the controversy regarding the func- 
tion of GOLGI bodies in Oogenesis (NATH 1926, 1929a, 1929b, 1930, 1933; 
NATH and HUSSAIN 1926, 1929; BHANDARI and NA~I~ 1930; BHATIA and 
NATH 1931 ; NATIt and METHA 1930; NATH and NANGIA 1931 ; NATH and 
MOHA• 1929 ; BItATTACItARYA 1931 ; BHATTACHARYA and MATHUR 1930 ;
BHATTAC~ARYA and LAL 1929; HARVEY 1925, 1927, 1929, 1931a, 1931b, 
1931 c; GR~SSON 1929, 1931) and thus lead to a correlation of the results 
obtained in all types of cells. We are now in a position to present such 
an evidence, the animal being Stomopneustes variolaris, a common urchin 
from the Madras Harbour. 
Literature. 
The recent work on cytoplasmic inclusions in Echinoderms is only 
that of HARVEY (1931b and 1931c). He concludes from his work on 
Antedon and Asterias that the eggs in their final constitution are remarkably 
similar. Though H~v~Y mentions that the GOLGI bodies are scale like 
in both, they were seen as such intra vitam only in Antedon. In Asterias 
he notes that "nothing comparable with the scales of the fixed GOLGI 
apparatus was seen in any oocyte, but in many a peculiar structure 
appeared". These were sausage shaped and were occasionally seen in 
chrome-osmium preparations stained with Iron Haematoxylin where the 
walls of the sausage like structure appeared as thin lines in optical sec- 
tion. Like the scale like GoLGI apparatus of fixed preparations these sau- 
sage shaped structures also appear to pass through very similar histories. 
What is more important is "that when the vesicles have been seen in 
fixed preparations the scale like GoLGI bodies have not been visible". 
Though HARVEY suggests in an earlier part of the paper that these vesicles 
may represent a modified form of the GOLGI apparatus (p. 449, 1931 c) 
and that as the vesicles become scattered in the cytoplasm they assume 
a scale like form and hence the vesicles can no longer be found as such, 
he asserts in a later part that the GOLGI bodies in Asterias also as in 
Antedon are scale like and that "the possibility of a homology between 
the vesicular bodies seen in young oocytes with the GOLCI apparatus is 
not strong enough to invalidate this statement." The evidence for such 
an assertion is that "their form in fixed preparations i so like that of 
the GOL(~I bodies of the eggs of Antedon that it is justifiable to assume 
that in the living condition they are the same as the scales of Antedon". 
I f  the sausage shaped bodies described in living young oocytes by HARVEY 
are not the GOL(~I it would be interesting to know (1) their significance 
and function and (2) why the scale like bodies are not visible in fixed 
preparations where the vesicles appear. These questions also raise the 
problem whether the shape of a structure is to be judged both by fresh 
and fixed preparations or whether they are to be judged by only one ? 
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Material and Methods. 
Fully mature specimens are available throughout the year and fixa- 
tions were made with the standard fixatives like CI-IAMPY-KULL, F.w.a., 
DA FANO, NASSONOV, MANN-KoPscH, BOUIN and Corrosive Acetic. 
The stains commonly employed were Acid Fuchsin, Iron Haematoxylin, 
Toluidin blue, Aurantia, Thionin, Methyl Green etc. Intra vital studies 
of fresh oocytes osmieated for varying periods have also been made. 
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F ig .  1. A por t ion  o f  a deve lop ing  oocyte .  I~TASSONOV. ] ron  Haem.  x 1 ,200 .  
a /b .  y .  A lbuminous  yo lk  g ra ins ,  alb. y~ Mitochondr ia i  c lump wi th  a t tached  GOLaT 
dur ing  secret ion  o f  a lbuminous  yo lk .  alb. y~ Fu l ly  fo rmed yo lk  g ra in .  L y .  d .  Fa t ty  yo lk  
d rop le ts ,  g.b. GoLGI  batonet tes ,  g.ba, g.bb, g.bc. g.bd Stages  showing  the  convers ion  o f  a 
OOLGI  g ra in  in to  a batonet te ,  g.b~, g.b~, g.b3, g.b4, g.bb, g.bs The  var ious  shapes  o f  the  GOLGI  
bod ies  when found  a t tached  to  mi tochondr ia l  c lumps .  See  Text  f igure  2. m Mi tochondr ia .  
m.c. Mitoehondr la l  c lumps .  
(Text fig. 1 g.ba). With the growth of the egg a differentiation sets in, 
leading to the formation of a chromophilic rim and an interior which is 
less dark than the rim (Fig. 1 g.bb). Further behaviour of these GOLOT 
elements is interesting in that they give rise to (1) definitive GOL~I 
elements which persist as such even in the fully grown oogonium, (2) 
GOLGT which secrete fatty yolk and (3) those which are concerned in the 
production of albuminous yolk. 
Fatty yolk formation begins early though the number of fatty yolk 
vacuoles appear to be few. The GOLGI elements enlarge and with the 
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onset of this process the interior of the elements once more becomes 
as dark as the chromophilic rim. The vacuoles are formed all round the 
nucleus without any definite arrangement, Formation of these vesicles 
is also not regular, for some appear very early and others very late. 
The GOL~Z rim of these vesicles becomes comparatively thin when these 
spheres attain maturity {Figs. 1 g.r. and 4 g.r.).  
Formation of Albuminous Yolk. 
It is in the secretion of albuminous yolk that the GOLGI exhibit a 
variety of behaviour. Albuminous yolk appears to be formed by the 
0 
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Fig.  2. Showing the variat ions in the  shape of the  GoL~I apparatus  when at tached to  
mi tochondr ia l  c lumps (D iagrammat ic ) ,  
agency of the GOLGT and mitochondria. The latter in developing oocytes 
are granular and stain blue after F.w.a., C~MPY and N~sso~ov followed 
~"~'"~" ~! !  
n@ @ 
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Fig. 3 A- -C.  A d iagrammat ic  representat ion  of the formation of a batonet te  f rom a vesicle. 
A, B and  C also show the var ia t ions  in the behav iour  of the  Go~i  dur ing  a t tachment  
to  a mi tochondr ia l  c lump.  
by Iron Haematoxylin. Some of the mitochondria in growing oocytes begin 
to aggregate into clumps. The position of such clumps varies in different 
eggs and the sizes of the clumps vary in the same oocyte (Fig. 5). Some 
of the unmodified GoLGI elements lying free in the cytoplasm begin 
to show changes in behaviour, on the commencement of the clumping. 
Their behaviour prior to their attachment to the mitochondrial c umps 
is of three different ypes. (1) After slight enlargement of the GOLQI 
vesicles, rupture on one side takes place resulting in the formation of 
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Fig. 4 (Microphotograph). _~port ion of a developing oo- 
cyte showing GOLGI r ims of fa t ty  yolk globules as well 
as GOLal batonettes attached to mitoehondrial  c umps. 
DA FANO.Alum carmine.f l  • 100, BELLOWS extension 8". 
semilunar shaped elements 
(Fig. 1 g.b a, g.b b, g.be, g.ba). 
These elements could be 
seen lying free in the 
cytoplasm (Fig. 5). They 
attach themselves to the 
mitochondrial clumps 
(Figs. 3, A, 4 and 6 g.b 
and alb.yl). 
2. A slight variation in 
the behaviour from that 
described above is dia- 
grammatically represen- 
ted in Fig. 3B. In this 
type the rupture of the 
GOLGI resulting in the for- 
mation of semilunar shap- 
ed elements occurs only 
after the attachment of 
the GOLOI vesicle to a 
Fig. 5 (~Iierophotograph). A NASSONOV preparation stained with Iron haeraatoxyl in showing 
GOLGI batonettes lying free in the cytoplasm 6 • 100, BELLOW'S extension 8". 
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mitochondrial clump. As could be seen from the figures (Fig. 2) the 
shape of the GOLGI in the attached condition varies widely in thick- 
ness, shape and also in the position of attachment. 
3. In some other cases the GOLGI vesicle attached to the mito- 
chondrial clump does not become definitely semi-lunar shaped but 
becomes irregularly plastered on the clumps as shown in Text fig. 3 C. 
Yolk seems to be secreted by 
the GOLGI as shown by an increase 
in size of the droplets and the loss 
of the closer arrangement of the 
mitochondria found prior to the 
attachment of the GOL(;I. An in- 
crease in size is also noticed of the 
yolk spheres. The origin of the 
materials of the yolk droplets ap- 
pears to be from the cytoplasm, as 
nucleolar extrusions have not been 
observed prior to yolk formation. 
The mitochondria of the yolk 
spheres also become yolky and 
less fuchsinophile (Fig. 6 alb. Yl, 
and alb. Y2). The GoLaI on the 
other hand begin to disintegrate 
on the completion of the formation Fig. 6 {Microphotograph). A DA FANO slide 
of a yolk sphere (Fig. 6 alb. Y2). showing the varis, tion in the composition f 
a mitochondrial  c lump during and after  se- 
Whether they are transformed into cretion of yolk. The beginning of the dis- 
yolk or whether the products of integrat ion of the GOL(~I cold be seen in the 
yolk sphere alb, Y2. 6 • 100, BELLOW'S 
their disintegration pass on to the extension 8". 
cytoplasm it is very difficult to say. 
But the latter process seems to be more likely since conversion of a 
lipo-protein into proteid matter necessarily presupposes the existence 
of some other agent to bring about such a change. Our own belief is 
that the disintegrated GOLGI dissolve in the cytoplasm, The mitochondria 
do not visibly play an important part in the formation of yolk and as 
they themselves become yolky, it is thought that they are useful only 
in keeping around them matter secreted by the GOLGI. 
Discussion. 
Particular attention has been paid during the last four years to the 
shape of the GOLGI bodies in oocytes and oogonia by NATH (1929 and 
1930) and HARVEY (1931a, 1931b and 1931c). NATH (1933) seems to have 
veered round to the view that the GOLGI apparatus may exist in the 
form of a granule, a ring, a vesicle, a crescent, a dictyosome or a platelet 
(p. 141, 1933). HA~aVEY (1931c) mentions that the acceptance of a 
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vesicular shape for the GOLGI bodies "involves admission either of a state 
of complete chaos in intra cellular affairs, or of a diphyletic origin of the 
metazoa from stocks, one with scale like, one with vesicular GOLGI bodies ; 
and further, intricate cases of polyphyletic origin of families etc., since 
the two types of element have been described in different members of 
the same families". HARVEY therefore comes to the conclusion that there 
can only be one form of GoLGI apparatus in invertebrate cells and that, 
resembling the dictyosomes. After work on Ctibanarius, Acentrogobius 
neilli, Salmacis, Meretrix, Dasychone and Stomopneustes we are con- 
vinced that the apparatus may have any shape ranging from that of 
a granule to a batonette and further that the shape of the apparatus is 
only of secondary importance. The formation of a vesicle from a granule 
and a scale or a batonette from a vesicle in Clibanarius and Stomopneuste8 
(observed in living and fixed materials) leads us to the view that the primi- 
tive shape of the GOLGI bodies is that of a granule with capacity to deve- 
lop into a vesicle and later to give rise to a batonette. That the developing 
oocytes of animals of different phyla as Clibanarius and Stomopneustes 
show the formation of a batonette from a vesicle, the vesicle itself being 
formed from a granule leads us to the view that it is impossible to assign 
a definite shape to the apparatus in allinvertebrates. The present paper as 
well as that of one of us (Salmacis bicolor, SVB~A~A~IAM 1934), on Echino- 
derms show wide variations from that of HArveY (1931b and 1931c). 
Work on seasonal variation in the quantity and behaviour of the 
various cytoplasmic inclusions (SuB~Aa~A~ 1935a, and SUB~A~IAM 
and GOPALA AIYAR, unpublished) leads us to suggest that as the apparatus 
is chiefly concerned with the metabolism of the cell, variations in shape 
are governed more by the nature of the metabolism and cannot be due 
to any phylogenetic origin. 
Regarding the function of GOLOI bodies in oogenesis the present work 
only confirms the view expressed, that the nature of the secretion is only 
of secondary importance and that the primary function of GOLGI bodies 
is the production of various enzymes, which in addition to the control 
of cell metabolism in specialized cells, are engaged in the production of 
deutoplasmie nclusions. We would like to emphasize the fact that fat, 
fatty yolk and yolk result as aproduct of the action of enzymes on materials: 
derived from cytoplasm, mitoehondria etc. Our observations in the pre:; 
sent paper viz., the partial conversion of the whole mitochondrial clump 
during secretion of yolk by an attached GOLGI scale occupying a very 
small area of the surface of the sphere, only strengthens the view that the 
nature of the action of the GOLGI is only by means of enzymes. 
Summary. 
1. The GoL(~I bodies in the oocytes of Stomopneustes secrete both 
fatty and albuminous yolk grains. 
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2. The GOLOI vasicle enlarges into a vacuole inside which fatty yolk 
appears to be deposited. The GoLoI rim does not undergo any transform. 
ation. 
3. Prior to secretion of albuminous yolk the mitochondria clump 
together. The GOLOr vesicles by rupture give rise to scale or batonette 
like bodies. These attach themselves to the mitochondrial clumps and 
secrete albuminous yolk. The mitochondria in the fulIy developed yolk 
spheres are yolky. 
4. The origin of both fatty and albuminous yolk in reIation with 
the GOLGI bodies only confirms the belief that the nature of the action 
of the apparatus is only by means of enzymes and that fat, fatty yolk 
and yolk are only secondary products resulting from the action of these 
enzymes on materials derived from mitochondria, cytoplasm, nucleolus, etc. 
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